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Roots, Tubers and Bananas (RTB) play a critical role for food security and income generation in tropical 
countries. Demand-led approaches to drive postharvest innovation regarding RTB crops aim to improve 
food and nutrition security and diets of households and provide income and employment opportunities 
in Africa, Asia and Latin America. Such approaches are informed by multidisciplinary research that 
integrates technological, socio-economic and institutional considerations. This research harnesses the 
underexploited potential for improved processing, higher value adding and reduced postharvest losses by 
targeting the changing needs and preferences of emerging urban markets through product and value 
chain development.  
Within the framework of the Flagship Project 4 (FP 4) of the CGIAR Research Program on Roots, Tubers 
and Bananas, this document entails a strategy for the cross-cutting cluster of activity CC4.1 entitled 
"Demand-led approaches to drive postharvest innovation and nutritious RTB products". CC4.1 is the 
synthesizing and guiding cluster of FP4 and provides a platform for strategic multi-crop research, learning, 
and dissemination to address strategic development challenges for postharvest management, utilization, 
and value addition of RTB crops. While crop-specific clusters on cassava (CC4.2 and CC4.3) and 
sweetpotato (SW4.4) implement research on utilization and value addition of these crops within FP4, 
CC4.1 plays a central role in synthesizing methodologies and results and fostering cross-crop learning. Its 
specific functions are: (1) analysis and synthesis of postharvest approaches, capacities, and results in order 
to generate information platforms, tools, metrics, and guidelines that can be applied and further adapted 
across all RTB crops; (2) research that cuts across RTB crops to systematically address strategic RTB-wide 
challenges, such as postharvest losses or waste utilization; and (3) crop-specific postharvest research on 
banana, potato, and yam which do not have crop-specific research clusters under FP4. The strategy is 
based on a multidisciplinary approach that integrates technology, environmental, socio-economic and 
institutional research to better understand the opportunities, scope, and potential impacts of RTB 
postharvest interventions. It learns from and provides support to crop-specific clusters inside FP4 and 
enables effective linkages with postharvest and nutrition related research in FP2, FP3, and FP5. 
 
1. Background: Development challenges and RTB research response  
1.1 Grand challenges  
Persistent rural malnutrition, especially undernutrition: The number of undernourished and malnourished 
people, particularly in Africa and some countries in South Asia, is staggering and the world is not on course 
to meet global nutrition targets. Women of reproductive age and young children are most vulnerable to 
undernutrition because of their increased nutritional needs and social marginalization. Micronutrient 
deficiencies can have fundamental and irreversible impacts on physical and mental development of 
children. Through Research for Development (R4D), along with processing and postharvest management 
to extend availability, RTB crops can reduce undernutrition and micronutrient deficiencies amongst 
millions of vulnerable consumers. CC4.1 contributes to developing and disseminating methodologies for 
assessing nutritional losses of RTB crops at postharvest stage, and to identifying promising nutrition-
focused innovations that can be applied in crop-specific research and development within FP4. 
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Feeding rapidly growing urban populations: In 2014 54% of the global population lived in cities and this 
share is projected to rise to 66% by 2050. Supplying nutritious and affordable staple foods for increasingly 
urban populations will require a reorientation of agri-food systems in many low-income countries. RTB 
crops can be grown comparatively easily in large quantities in many of these countries, with the potential 
to reduce their high dependence on imported grains and to increase value addition. CC4.1 will harness the 
latter through science-based improvement of processing and reduction of postharvest losses of RTB crops. 
Processing that improves the shelf life and diversity of RTB products is expected to help reverse the trend 
of declining RTB consumption among urbanizing populations due to the crops' perishability and bulkiness 
and changing food habits.  
Diets are becoming less diverse, healthy, and nutritious: The number of people overweight or obese is 
growing fast globally, leading to an estimated loss of 35.8 million disability-adjusted life years and rising 
diabetes rates. By 2035, diabetes is projected to affect more than 500 million people worldwide, 
particularly in low- and middle-income countries and affecting women more acutely than men. RTB crops 
are mainly perceived as a source of calories stored as starch, thus contributing to the problem of obesity 
and diabetes. But they also hold the potent to serve as functional foods by providing fiber and other key 
elements in more diversified diets. Recent research in cassava, for example, suggests that RTB varieties 
with resistant (high-amylose, low-glycemic) starches can be developed into healthier and economically 
more valuable alternatives to conventional varieties. By sharing methodologies and findings from such 
research with ongoing work on several RTB crops, CC4.1 can facilitate coordinated research and 
dissemination efforts across RTB crops and thereby increase the impacts of scientific advances on a major 
public health risk. 
Postharvest losses are often high for RTB crops and food safety is a growing concern: Managing the 
perishability of RTB crops and meeting increasingly differentiated market and regulatory requirements are 
major challenges. CC4.1 will strive to enable producers and processors to meet food safety and quality 
standards through research on nutrition qualities, sensory attributes, contamination, convenience foods, 
packaging of fresh produce, and processed products. The Cluster will strengthen the demand-orientation 
of the whole RTB program, with links to consumer education and policy advocacy to expand demand for 
nutritious and safe RTB crops and products.  
New entrepreneurial and job opportunities are emerging from changing patterns of agri-food demand: 
These can provide spectacular growth opportunities for RTB crops with cassava in West Africa at the 
forefront, and other crops such as potato and sweetpotato expanding into new urban markets. Whilst local 
agri-processing generates large amounts of employment for rural youth and women, improved technology 
is needed to improve efficiency and safety.  
Environmental pollution and energy losses: Inefficient use of energy, water, and other inputs, process 
waste, and sub-optimal use of by-products of RTB crops lead to environmental impacts and reduce 
competitiveness of the processing industry. According to UNEP (2007), this has also important gender 
implications: "Women and girls often carry a disproportionate burden from environmental degradation 
compared to men." Improving efficiency and utilizing by-products is an expanding area of RTB research. 
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1.2 Postharvest research in nutritious RTB foods and value added through postharvest innovation (FP4) 
FP4 supports integrated, equitable, and sustainable utilization of RTB crops for healthier diets and 
improved income opportunities. It seeks to harness the changing demand of consumers and other users 
of RTB crops as drivers of change that can positively transform production and utilization of RTB crops and 
increase their contributions to nutritious, profitable, and environmentally sustainable food systems. There 
is great scope in diversifying and improving the utilization of RTB crops for nutrition and economic goals, 
resulting in healthier diets and increased economic opportunities for women, men, and youth. FP4 works 
to overcome constraints that have limited the entry of RTB crops in urban markets, such as their 
perishability, bulkiness, perception as of low social status, and limited postharvest investment.  
 
FP4 consists of four interrelated clusters:  
• CC4.1 – Demand-led approaches to drive postharvest innovation and nutritious RTB products 
• CA4.2 – Raising incomes and improving the health and safety at SME cassava processing centers 
• CA4.3 – Biofortified cassava for improved nutrition and livelihoods 
• SW4.4 – Nutritious sweetpotato for expanding markets and improving nutrition. 
 
FP4 draws on progress, knowledge, and competencies in RTB to support healthy and diversified diets. 
Biofortification is underway for all RTB crops, at different stages of R&D. Vitamin A-rich orange-fleshed 
sweetpotato (OFSP) is well advanced in more than 10 African countries and expanding to others in Africa 
and Asia where demand is high. Vitamin A biofortification of cassava is advancing fast, with wide-scale 
distribution in Nigeria; banana and yam are at earlier stages of development. Breeding for cassava, potato, 
and sweetpotato, biofortified for iron and zinc, is underway. Iron-fortified potato could be available within 
two years, and iron-fortified OFSP within five years is possible, if desired investment levels are obtained.  
 
FP4 supports research on all RTB crops, recognizing that they are at different stages of progress regarding 
innovation for processing and nutrition. For example, local processing of cassava has been developed to 
a far higher level than that of other RTB crops, as reflected in cluster CA4.2. Sweetpotato and cassava are 
already scaling biofortified varieties which are increasingly used in public sector nutrition programs and 
processing for nutritious food in commercial and social enterprises. Clusters SW4.4 and CA4.3 will support 
research to guide and monitor these investments.  
 
In addition to underpinning crop-specific research, the cross-cutting cluster CC4.1 will: (1) analyze and 
synthesize postharvest approaches, capacities, and results in order to generate information platforms, 
tools, metrics, and guidelines that can be applied and further adapted across all RTB crops; (2) 
systematically address strategic RTB-wide challenges such as postharvest losses or waste utilization; and 
(3) support research on postharvest management of banana, potato, and yam that is not captured in other 
clusters of FP4.  
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2. CC4.1 Research Agenda: Cross-cutting RTB postharvest research                       
2.1 Importance of cross-cutting research perspectives (Theory of Change) 
The theory of change (ToC) of this cluster is based on the premise that cross-cutting research, working 
across several RTB crops and science disciplines, will help accelerate scientific progress, foster innovation, 
and broaden impacts on strategic challenges facing RTB postharvest management and value addition 
(Table 1). The ToC, therefore, includes original strategic research under CC4.1 – synthesis, dissemination 
and learning across all FP4 research – and linkages with related research in other RTB flagships, notably 
FP2 (breeding and varieties) and FP5 (foresight modelling, scaling approaches).  
 
Table 1 – Theory of change 
Inputs Research 
products 






to fill strategic 
gaps; expert 
consultations and 
peer review for 
synthesis and 
consolidation 







NARS, private sector, 
and international 
researchers enhance 
their capacities and 
skills through use of 
tools and metrics. 
Increased coherence 
and exchange 
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private & public sectors  
Improved profitability 




RTB foods in daily meals 











of RTBs for 
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user preferences 
Researchers in RTB 
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to local context and 
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Government and private 
sector use improved 
technology and 
management options to 
reduce postharvest 






























innovate in response 
to local context and 
opportunities. 
Increased range of 
nutritious, affordable 
banana, potato, and 




























Improved quality and 
efficiency of investment 
planning and innovation 
process through use of 





children <5 yrs.) 
 
Geographical coverage and selected indicators are presented in Annex 1.  
 
2.2 Principal Research Products 
CC4.1 will facilitate exchange of research methodologies and emerging evidence, and provide learning 
and networking support for research teams and partners across FP4. Strategic research under this cluster 
will analyze and synthesize evidence on RTB-wide postharvest priorities. This cluster will accelerate 
scientific progress, learning, and impact at scale by facilitating exchange between research and 
development across RTB value chains. It will help to harness the relatively untapped postharvest potential 
of RTB crops. The primary function of this cross-cutting cluster is to provide a platform for exchange of 
postharvest and nutrition related research methodologies and evidence across RTB crops. Secondly, the 
cluster will undertake strategic research into RTB-wide priorities such as: 
Consumer profiles and quality characterization of RTB' products for targeting end user preferences: There 
is growing attention to understanding preferences of end-users and the quality attributes they look for. 
Changes in markets, new products, novel trait discovery and social context (e.g. urbanization) may all 
influence their preferences over time. Research topics include profiling RTB varieties and products for 
gender responsive end user preferences; changes in dietary trends (contributions of RTB crops to 
nutritional needs) to suit gender-responsive consumer needs; and gender-responsive business models. 
Product development, improved processing, and nutrition interventions of bananas, potato, and yam: 
Diets evolve over time, being influenced by factors such as availability, accessibility, affordability and 
acceptability of food and, overall, complex supply-demand interactions. Income, prices, individual 
preferences and beliefs, cultural traditions, as well as geographical, environmental, social and economic 
factors all interact in a complex manner to shape dietary consumption patterns.  
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Strategic R4D interventions will include:  
• development of nutritious products based on banana, potato, and yam, in combination with other 
nutritious products like vegetables and legumes 
• understanding the market potential for products based on banana, yam, and potato 
• developing gluten free and low glycemic index products based on potato, banana, and yams 
• developing new products targeted to livestock, pets, and game animals sector 
• optimization of the drying process to make flour from potato, banana and yam 
• extending shelf life of raw and finished products 
• optimizing processing methods for nutrient retention and reduction of anti-nutritional factors for 
banana, potato, and yam 
• developing standard operating procedures (SOP), identifying and improving critical control points 
(CCPs), and enhancing good manufacturing practices (GMP) for the three crops, including capacity 
development involving the RTB industry 
• fostering private-public partnerships for the development of RTB food products, including food fortified 
products 
• designing and promoting RTB-based foods, including biofortified and food fortified products, in school 
feeding programs to fight malnutrition among children of school age 
• evaluating school feeding programs that involve products made from banana, yam & potato 
• assessing the impact of the consumption of banana, yam and potato products on the glycemic index 
• developing behavior change communication (BCC) programs for mothers, including focus on infant and 
young children feeding practices, for nutrition outcomes linked to the utilization of biofortified RTB 
crops 
Postharvest technologies and management options for RTB postharvest loss reduction and value-addition 
to waste products: Most studies focus on physical losses of RTBs and quality losses are usually ignored 
despite affecting a larger amount of produce and being responsible for considerable economic loss. We 
will collaborate with and build on the effort of the CGIAR Research Program on Policies, Institutions and 
Markets (PIM) CoA 3.2 that aims at developing methodologies and tools for measuring losses and waste 
across value chains. In addition, we will conduct research on: (1) extending shelf life of RTBs raw and 
finished products; (2) adding value to waste and residues; assessing the market feasibility of peeled 
banana product to reduce on-farm nutrient mining; (3) technology development, including sucker 
staggering technology for steady banana production and gender-responsive equipment like peeling 
machines and solar driers for reduced drudgery; and (4) production of dry bananas, sweetpotatoes and 
cassava flour for baking purposes including transportation techniques to extend the shelf life of fresh 
peeled cassava and economic potential of technologies along the value chain, for example charcoal 
cooling capacity for extended banana and other RTB crop storage. 
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Inventory and information dissemination platforms for RTB postharvest technologies: Small and medium 
RTB enterprises have limited access to information about available postharvest technologies and their 
suppliers, local manufacturers and after-sale service providers, or incur high transaction costs to obtain 
it. This will be addressed by collecting available but often scattered information on RTB postharvest 
technologies, including the ones developed by other FP4 CoAs, and making them easily accessible through 
an online inventory that will facilitate investment decision making. The inventory will be populated using 
information already available by RTB members and their national partners, ad hoc case studies, and 
voluntary inputs from private suppliers of equipment and services interested in widening their customer 
base. Dissemination will be conducted using demonstration centers (e.g. "climate-smart centers"), social 
and conventional media, drama, agriculture/processing shows, user/cluster associations, private sector 
associations, vertical integration, formal training for young people, and marketing and branding. 
 
2.3 Partnerships for research delivery and impact 
The network of partners established by RTB is a strong asset for implementing CC4.1 successfully. A 
combination of research (NARS and ARI, such as NRI) and development partners (government agencies, 
NGOs and privates sector) which participated in the 2017 stakeholder workshops held in Uganda in July 
(Mayanja et al. 2017, Maziya-Dixon et al. 2017) and October 2017 (Kikulwe et al. 2017) will ensure 
collaborative R4D efforts in relation to:  
• processing and market development research that complements genetic improvements and provides a 
strong demand pull for traits that are preferred by diverse end users and clients 
• gender equity, particularly about market access, income generation, and labour-saving technologies  
• storage, transportability, and processing into diverse products 
 
The bottom line is that improved RTB-based products can be a success only if they are adopted by 
consumers. CC4.1 will therefore build on the strong capacity developed by RTB scientists regarding sensory 
analysis and consumer preference studies, ensuring that improved products meet consumer expectations. 
In this connection, differentiation by gender, age and customer segment will play an important role, 
building on insights from RTB and other studies considering the variation of preferences between men, 
women, and children and other socially differentiated groups.  
 
3. CC4.1 Implementation Plan 
The implementation of the cluster strategy builds on a combination of ongoing RTB research programs by 
the participating centers (Bioversity, CIAT, CIP, CIRAD, IITA) and the development of new collaborative 
research and development activities targeted at strategic priorities involving multiple RTB crops and 
research teams. To facilitate successful implementation, the partner centers are committed to 
strengthening joint planning, learning and resource mobilization. 
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3.1 Harnessing ongoing RTB research for CC4.1 (main contributing projects) 
CC4.1 draws on progress, knowledge, and competencies in RTB to utilize sweetpotato, cassava, banana, 
potato, and yam to support healthy and diversified diets. In Phase 1 of RTB (2012-2014), postharvest work 
was mainly done by individual centers on their respective mandate crops, with little focus on linkages with 
nutritional outcomes and limited synergies across crops and centers. During the Extension Phase (2015-
2016), cross-center collaboration on postharvest and nutrition issues has improved, notably within the 
framework of the recently concluded 'Expanding Utilization of RTB crops and Reducing their Postharvest 
losses' (RTB-ENDURE) project and the development of the RTB Phase 2 (2017-2022) proposal. The ENDURE 
project adopted innovative approaches and generated valuable lessons in postharvest R4D (Mayanja et 
al. 2017) that this strategy document draws on, along with the findings of national and international 
stakeholder workshops held in July (Maziya-Dixon et al. 2017) and October 2017 (Kikulwe et al. 2017), 
respectively.  
RTB-ENDURE was designed and implemented around three pillars: research, capacity building and value 
chain development. Furthermore, RTB-ENDURE adopted innovative approaches consisting of an 
adaptation of the Participatory Market Chain Approach (PMCA) and including the establishment of multi-
stakeholder teams, a sequence of competitive and collaborative phases, monitoring of partnership health, 
and the engagement with existing and emerging private sector players. Resources were specifically 
allocated for supporting gender integration and multi-stakeholder platforms. The encouraging results of 
the project and lessons learnt on conducting cross-center and cross-crop postharvest research informed 
the designing of this strategy. 
A new collaborative research effort, funded by the Bill and Melinda Gates Foundation and entitled 
"Breeding RTB products for end user preferences – RTBfoods", has critical linkages with C4.1 given its 
focus on end user preferences. The five-year project (2018-2022) is led by CIRAD and involves a variety of 
RTB centers (Bioversity, CIAT, CIP, IITA) and partners (Bowen University, CARBAP, CNRA, INRA, JHI, 
NACCRI, NARL, NRCRI, NRI, and UAC/FSA). With a focus on cassava, sweetpotato, yam, cooking banana 
and potato, the project aims at identifying the essential quality traits for users and consumers across a 
wide range of basic food products (12 products), establishing varietal breeding methods, and integrating 
high-throughput screening by spectral analysis of these quality traits to meet the expectations of users. 
Multidisciplinary teams of social scientists and food technologists, plant breeders, geneticists and 
communication specialists will work together towards this end. 
 
3.2 Resource mobilization for new strategic research priorities 
CC4.1 is a new cluster with a comparatively weak resource base. The cluster team will, therefore, step up 
resource mobilization (RM) using all available funding windows (W1/W2/W3) and bilateral opportunities. 
In addition to increasing contributions from ongoing and future projects by the participating centers, the 
cluster team will develop and jointly fundraise for new project ideas. This RM effort will be specifically 
targeted at bilateral and Window 3 donors. Complementing this effort, the cluster will continue to seek 
RTB earmarked funds for specific, catalytic activities that will position the cluster more strongly as a 
platform for cross-cutting research.  
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CC4.1 will thus be a platform for identifying and developing fundable projects focusing on multi-crop and 
cross-cutting challenges and opportunities based on ideas from working together and additional ideas and 
specific follow-up on ongoing or recent research where the Cluster team is best positioned. The RM 
strategy will include the identification of non-traditional potential funding sources based on principal 
topics to be addressed jointly. Ongoing activities by individual CG centers and collaborators are funded 
through a full range of W1/2, W3, and bilateral funds. New projects will be developed, fund-raised and 
implemented by the Cluster team.  
In Annexes 2 and 3, we provide executive summaries of two concept notes developed by the cluster team 
in 2017. These address the following strategic research priorities: 
1. Extending the shelf life of RTB crops and products (Annex 2) 
2. Utilization of RTB by-products and waste (Annex 3) 
 
3.3 Management and communications  
Communication tools and approaches will be integrated across the Cluster to support the achievement of 
R4D impact and promote RTB externally to raise its visibility among key stakeholders. Communications 
will help to achieve outcomes at multiple scales, supporting: (1) delivery, uptake, and adoption of 
knowledge, practices, and technologies by stakeholders; (2) policy influence by generating evidence-
based products and facilitating dialogues with decision makers at local, national, and regional levels; and 
(3) knowledge sharing and learning mechanisms to connect partners and/or stakeholders. 
We will work with the RTB and center communications specialists to ensure alignment with the program's 
and centers' communications efforts, drawing on their capacities and sharing lessons learned to increase 
the outreach of cluster communications. The Cluster team will draw on communications resources in their 
organizations and make ample use of blogs, social media, global mailing lists, in-country teams' 
directories, and the RTB website. For project management the RTB platform for Monitoring, Evaluation, 
and Learning (MEL) will be the principal vehicle, and for internal coordination team communications 
software such as Basecamp or Slack will be facilitated. 
 
3.4 Monitoring and joint learning 
Monitoring involves keeping up to date with the progress of the research program and its advances on 
the impact pathway. MEL-facilitated monitoring will include ensuring that the team is carrying out their 
research activities as planned within the time and budget allocated. In addition to ensuring compliance, 
reflections around progress as documented by MEL will facilitate learning and adaptive management. This 
involves strong linkages with CC4.2 and CC4.3 where technologies for cassava processing and 
biofortification are advanced. Synergies will be particularly established around nutritional value, storage, 
and food safety. Research products from cassava processing (CC4.2) can be readily applied to process 
other RTB crops, particularly about processing technologies, methods for assessing user preferences, and 
management of waste products and wastewater. Similarly, linkages with SW4.4 will allow strengthening 
postharvest aspects for successful scaling of orange-fleshed sweetpotato. Cross-cluster learning will be 
facilitated through joined webinars and, where appropriate and feasible, face-to-face meetings. Recent 
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examples include the CC4.1 team meeting in Uganda (October 2017) which was also attended by 
researchers involved in CC4.2, CC4.3 and SW4.4.  
In line with recently defined strategic priorities, CC4.1 will focus on extended shelf life of existing products 
and product development in relation to by-products and waste-based products derived from RTB crops. 
In these efforts, scaling through close collaboration with private sector, government agencies, NGOs and 
media will play a prominent role. Scaling research, housed in CC5.4, will help identify appropriate 
partnership models and engagement modalities across these multi-sector partners, including public-
private partnerships, co-funding, pooling of human and other resources, and leveraging of impact 
investments and other forms of innovative finance. 
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Annex 1 – Geographical coverage, beneficiaries and selected indicators 
The cluster targets selected countries (Table 1) where malnutrition, poor diet quality and diversity, limited 
value adding, and postharvest losses remain a development problem but also considers the potential for 
RTBs production and consumption. Geographical and beneficiary targeting of CC4.1 is guided by existing 
or potential market demand for RTB products that can create income, employment opportunities, and 
improve nutrition especially of the most vulnerable such as pregnant and lactating women and children 
under two years and livelihood especially for the poor and women and youth.  
Selected IDOs and Sub-IDOs with indicators for 2017-2022 are presented in Table 2.  
 
Table 1 – Target countries 
  
Africa Asia and Pacific Latin America 
Benin, Code d'Ivoire, Ghana, Nigeria,                    
Democratic Republic Congo, Sierra Leone, Uganda 
Vietnam, Thailand Peru, Ecuador 
 
Table 2 – IDOs and Sub-IDOs tracking indicators 
 






LP0: Lessons, tools and metrics 
to support development of 
nutritious and value-added RTB 
products 
• % reduction in postharvest losses and improvement 
in nutrition and income 
• Number of tools and metrics available  
Consumption of 
improved diverse 
diets that include 
nutritious RTB 
food products 
LP1. Consumer profiles and 
quality characterization of RTB's 
for targeting end user 
preferences. 
• Number of nutritious RTB-based food products 
available  
• Number of RTB crop varieties characterized for 
quality and processing traits; sensory and consumer 
acceptability  





LP2. Postharvest technologies 
and management options for 
RTB postharvest loss reduction 
and value-addition to waste 
products 
• Number of households using improved postharvest 
storage technologies 




LP3. Product development, 
improved processing, and 
nutrition interventions of 
bananas, potato, and yam 
 
• Number of small scale processors using improved 
technologies  
• Number of processing technologies available 
• Number of households consuming nutritious RTB-
based food products 
• Trends in food consumption patterns and current 




LP4. Inventory and information 
dissemination platforms for RTB 
postharvest technologies 
• Number of functional dissemination platforms 
• Number of SMEs, especially women and youth 
trained in business skills 
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Annex 2 – Concept Note 1 (summary)  
Extending the shelf life of RTB crops and products 
The number of undernourished people in Africa and parts of South Asia is increasing and the world is not 
on course to meet global nutrition targets. Women of reproductive age and young children are most 
vulnerable to undernutrition because of their increased nutritional needs and social marginalization. 
Around 300 million poor people in developing countries depend on RTB value chains for food security and 
income and many more benefit through their consumption. Innovations in RTB crops have high impact on 
poverty reduction by: (1) increasing farmers' income through market linkages and value addition, (2) 
enhancing non-agricultural rural employment through processing (often predominantly a women's 
activity), (3) creating opportunities for youth employment, and (4) lowering food costs to consumers. 
RTB products play a leading role in ensuring food security and nutrition. They are consumed both in 
processed and fresh form. However, RTB value chains are characterized by postharvest losses, 
constituting an important development challenge for developing countries. Managing the perishability of 
RTB crops and meeting increasingly differentiated market and policy demands are major challenges. 
Perishability reduces their eating quality, marketing range and duration, and economic value for 
producers, traders and other value chain actors. 
To ensure effective storage of RTB crops, the factors underlying postharvest losses need to be properly 
understood and, where appropriate and feasible, properly controlled, considering the socio-economic 
context in which production and marketing take place. Key research questions in relation to current 
knowledge gaps include: 
• What are the methods/protocols for evaluating postharvest losses and shelf-life of raw, intermediate 
and processed products of RTB crops? 
• What is the optimum shelf-life when preserving quality, nutrient and consumer preferences? 
• Is there an interaction between packaging materials, storage time and consumer preferences of RTB 
based food products? 
• What are the appropriate technologies for storing RTB raw, intermediate and processed products? 
• What are the technical efficiency of existing driers/other technologies? 
• How much genetic variations exists for extended shelf-life traits among the RTB crops? 
• What biochemical and physical characteristics to be considered when evaluating shelf-life? 
• What are traditional practices to minimize postharvest losses in RTB value chains and how effective are 
they? 
• How can information on postharvest loss reduction be effectively disseminated to end users for quick 
adoption and impact? 
• Does extending shelf-life of RTB crops and their products contributes to more stable prices, raw 
material supplies and product delivery along the value chain? 
• What is the cost-benefit ratio of RTB technologies for enhanced shelf-life? 
 
The CGIAR Research Program on Roots, Tubers and Bananas (RTB), has a strong experience of improving 
postharvest handling, processing and marketing of RTB crops in Asia, Africa and Latin America. Building 
on (1) previous projects, (2) an extensive network of local partners (universities, research institutes, 
government agencies), and (3) the research facilities of CIAT, IITA and CIRAD in several countries, RTB is 
in a favorable position to integrate the technical and socio-economic dimensions of the grand challenges 
into an effective response.  
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Through its experience, RTB can also identify key factors of success (and failure), to increase the rate of 
success of future projects, by replicating previous projects and promoting South-South transfers of 
technology and know-how. Notable recent and ongoing projects by RTB on postharvest innovations 
include: (1) extending the shelf life of fresh cassava roots for increased incomes and postharvest loss 
reduction (RTB-ENDURE); improved technologies, (2) consumer preference studies and utilization of by-
products for more sustainable and profitable processing cassava; (3) development and application of 
methodologies for adapting cassava processing technologies (driers for starch and flour) to small and 
medium scale enterprises in Africa, and (4) innovations for processing and drying of cassava peels for animal 
feed in West Africa in collaboration with the CRPs Livestock and Fish and Humidtropics. 
For the most part, innovations and new products arise in the private sector, but public-private 
collaboration can be a cost-effective way to accelerate the process and provide new opportunities to 
growers, processors, and consumers. Analysis will be conducted to understand gender disparities in 
access, use, and adoption of shelf life extending technologies. Gendered barriers to accessing and 
utilization of shelf life extending technologies will be identified. 
The overarching development goal is to support the fuller, equitable, and sustainable utilization of RTB 
crops for healthier diets and improved income opportunities. Research and development activities will 
target to improve food and nutrition security of at least 500,000 households and provide income and 
employment opportunities for 200,000 households and 1,000 enterprises, and extension of shelf-life 
cassava (10 times) banana/plantain (6 times), yam (6 times), potato (8 times), and sweetpotato (6 times) 
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Annex 3 – Concept Note 2 (summary)  
Utilization of RTB by-products and waste 
RTB utilization, both in processing and fresh markets and in processing, generates significant amounts of 
by-products and waste. For instance, peels represent up to 25-30% of the fresh roots weight and are often 
discarded or used as low-value compost. When water is extracted from the product (pressing) or in the 
case of starch production, large amounts of wastewater with high organic load are produced and often 
released in the environment without treatment. Inadequate management of by-products from RTB 
processing generates local pollution in terms of malodor, visual pollution, and pests; and global pollution, 
such as emissions of methane, a greenhouse gas 25 times more potent than CO2, in the case of anaerobic 
fermentations. The main types of wastes and by-products from RTB include (see also table below): banana 
peels and peduncle; cassava peels and unplanted stems; potato peels; sweet potato peels and vines; liquid 
and solid wastes from cassava processing and effluent from potato processing, among others. Demand 
for innovations in better management of by-products and waste is driven both by the opportunity to 
increase profitability of RTB processing and the necessity to comply with increasingly stringent 
environmental regulations. In addition, reducing the environmental footprint of RTB processing is 
increasingly becoming an integral element of corporate social responsibility programs and private 
sustainability standards.  
Key research questions in relation to current knowledge gaps include: 
• What is best feed formulation of RTB byproducts? 
• What is the cost-benefit ratio of using RTB crop peels as animal feed for different animals and the 
production of mushrooms, biogel fuel, biogas and silage?  
• What is the potential for business development and employment generation from RTB by-products 
and waste, with emphasis on women and the youth?  
• What are viable business models and entry points in value chains of RTB by-products and waste-based 
products'?  
• What are the economic, social and gender specific factors that accelerate or hinder inclusive growth 
of these value chains? 
• What are the principal market trends and associated drivers for products derived from RTB crops, 
with emphasis on by-products and waste-based products? 
• What technologies and management options are available for collection and bulking of RTB by-
products? What are the steps to adapt and improve these technologies and management options to 
specific RTB processing contexts (in terms of socio-economic, gender and technical aspects)? 
• How can these insights best be integrated into (public and private) investment planning for collection 
and processing centers? 
• Are the current methods for assessment of environmental and social costs suitable for assessing by-
products and waste management practices? Are adaptations or improvement needed? 
• How to model candidate waste management practices and predict their effects on the local value 
chain(s), in terms of costs and benefits? 
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We propose a two-phase approach: 
1) Scoping studies of priority RTB crops (yams, bananas, potatoes), including demand analysis, mapping 
and projections of available RTB by-products and waste, cost-benefit analysis, studies of willingness to 
pay for innovations in by-product utilization and gender responsive value chain mapping, as an input 
to design business cases for innovations in utilization of by-products inclusive of men, women and 
youth.  
2) Implementation of selected business cases including technical validation, in-depth market analysis, 
CBA, gender landscape studies, technology transfers, and business incubation. At the end of this 
project, we will conduct an assessment across countries and business cases to determine the extent of 
gender responsiveness, to identify follow up activities to support business cases to achieve maturity, 
and to scale those that are already mature across RTB crops and countries.  
 
Building on experiences from the RTB Endure project, a research/business collaboration which focused 
on reducing postharvest losses and adding value to RTB crops (banana, cassava, sweetpotato and potato) 
in Uganda, and other projects, the proposed project seeks to improve management and processing of RTB 
by-products and waste, generating employment and income through incubation of small and medium 
enterprises in Uganda, Nigeria, Vietnam and Colombia.  
This collaborative effort envisages strong ties with private sector agents to ensure demand orientation 
and leadership in the design and implementation of the business cases. We will also closely collaborate 
with government agencies at national and decentralized levels to create enabling conditions in the 
political and legal frameworks and to support them in their mandate to minimize environmental impact. 
In addition, we will link with non-government organizations providing technical, business and financial 
services.  
Development goal: 20 to 30 small-scale processors of RTB crops (per country) utilize between 50 and 100% 
of the by-products and waste generated by their process after 10 years. Each processor will contribute to 
income increases by 3-5% for on average 300 farming households, i.e. a total of 6000 to 9000 households 
per country. Secondly, at least 5 small-scale enterprises in each participating city will establish profitable 
utilization of waste from RTB fresh food market chains, generating employment for at least 20 people per 
enterprise and reducing public costs of urban waste management by at least 3-5%.  
 
 
 
 
 
 
  
 
 
 
 
